Abstract
variations in agricultural GHG emissions (Foley et al. 2005; Smith 2004 ).
48
Agriculture contributes to GHG emissions via a plethora of pathways including the use of fossil 49 fuel in farm machinery, direct nitrous oxide emissions from fertilizer application (as well as indirectly 50 emissions from the energy used in their production), methane emissions from livestock and emissions 51 from the tillage of soils (Lal 2004; Pretty et al. 2001; Smith et al. 2008) . Land use change can also result 52 in the release or accumulation of stored soil organic carbon (SOC) depending on the soil disturbance 53 regime of a given land use. Land use change also alters stocks of carbon stored in the above and below 54 ground biomass of a given agricultural land use (Erb 2004) . For example, root crops have a higher stock 55 of carbon in biomass than permanent grasslands (Cruickshank et al. 1998) . Given that both predicted 56 climate change patterns and the productivity of agricultural land varies across regions, alterations in the 57 agricultural output mix would be expected to vary across space and have varying impacts across space in 58 terms of GHG emissions, even at relatively fine spatial scales. Therefore, models of future GHG 59 emissions in agriculture should ideally be spatially explicit, account for fine resolution adjustment to 60 1 Reference to greenhouse gas (GHG) emissions is often made in termsof carbon (or tonnes of carbon) as shorthand for CO2 or the equivalent of other GHGs (CO2e) in the atmosphere. For the sake of expediency we will follow this convention here. Additionally, the term unit cost or price of CO2e, is used interchangeably for the notion of the marginal value of a reduction of a tonne of CO2e whether it is transacted in the market or not.
climate change through changes in land use and consider the impact that those land use changes will 61 have on GHG emissions 2 .
62
Economic assessment of variations in the GHG regulatory services arising from agricultural 63 change relies on estimates of the value of carbon emissions or mitigation. A vibrant literature has 64 provided a framework for such analysis (e.g., Downing et al. 2005; Dasgupta; 2006 , Ekins 2007 Stern, 2007; Nordhaus, 2008) . This notes that for scenario analyses future carbon prices are dependent on the 66 assumed emission trajectory, abatement technology, discount rates and the adopted climate projections 67 (DECC 2009a) . As such, future carbon prices are endogenous to the emission and climate scenarios upon 68 which they are based.
69
A recent study by McLeod et al (2010) estimates GHG abatement costs from UK agriculture 70 based on changes in management and farm practices. Here instead of analysing the abatement potential 71 through management changes, we build upon the emerging literature examining the incorporation of 72 farmer decision-making in regional climate impact modelling (e.g., Risbey et al. 1999 , Seo et al. 2008 ).
73
The approach taken here is to predict the effect of climate change on farmers' decisions over land use 
177
A lack of data on land use change prior to the baseline year of 2004 meant that non-organic soils
178
were assumed to have a zero annual SOC flow value during our baseline year. For subsequent years 179 mean equilibrium SOC for non-organic soils was assumed to change from the level associated with the 180 previous land use to that associated with the new land use (see Table 1 ). SOC accumulation in such soils 181 was assumed to occur linearly over a 100 year period, while SOC emissions were again assumed to be 182 linear although occurring over a 50 year period (Thomson et al. 2007) . For example, a hectare of non-
183
5 The largest discrepancy (5.8%) occurred in Scotland, and is likely to be due to the extensive organic soils found in Scotland and the difficulty in accurately estimated SOC in organic soils due to issues surrounding soil depths along with technical factors associated with the measurement of SOC in organic soils (Chapman et al. 2009 ).
tonnes of SOC before it reached a new equilibrium after 100 years, i.e., 0.22tC/ha/yr over the period. 
211
It was assumed that all arable and horticultural crops require annual conventional tillage, sowing 212 and harvesting. Cereals were assumed to receive two fertilizer and two pesticide applications annually,
213
while three fertilizer and five pesticide applications were assumed for oilseed rape and one fertilizer and 214 four pesticide applications for root crops. Permanent and temporary grasslands were assumed to receive with the "other agriculture" land use were taken as the average of the other six land uses. 
230
Aggregate per hectare GHG emission intensity parameters from agricultural activities and 231 inorganic fertilizer are given in Table 2 while emissions per livestock head appear in 
Results

257
UK terrestrial GHG emissions from agriculture 
285
The increased GHG emissions predicted for the uplands of northern England, Northern Ireland, Scotland
286
and Wales are primarily due to increased livestock numbers (predominantly dairy herds) and increases in 287 arable and horticultural production as climate change makes these areas more suitable for such activities.
288
The conversion of agricultural land on organic soils from rough grazing to improved, temporary and 
301
Overall the latter outweighs the former such that after 2020 aggregate emission increases are inversely 302 related to the degree of climate change. Table 6 reports annual costs of GHG emissions arising from climate induced changes in UK agriculture.
327
As can be seen, irrespective of the climate scenario or pricing mode, as time passes overall costs rise. 
